Diblock oligomers are widely used in molecular electronics. Based on fully self-consistent nonequilibrium Green ' s function method and density functional theory, we study the electron transport properties of the molecular junction with a dipyrimidinyl-diphenyl (PMPH) diblock molecule sandwiched between two gold electrodes. Effects of different kinds of molecule-electrode anchoring geometry and protonation of the PMPH molecule are studied. Protonation leads to both conductance and rectification enhancements. However, the experimentally observed rectifying direction inversion is not found in our calculation. The preferential current direction is always from the pyrimidinyl to the phenyl side. Our calculations indicate that the protonation of the molecular wire is not the only reason of the rectification inversion.
Introduction
Fundamental difficulty will be encountered when the silicon-based electronic devices shrink to the size of several nanometers. A totally new generation of electronic devices is thus very desirable. As a possible candidate, molecular electronics has been the focus of considerable experimental and computational efforts in recent years [1, 2] . Conjugated organic molecules are the mostly studied molecular wires, because of their good conductivity and structural stability. An important topic in molecular electronics is molecular rectification [3] , which is the first example proposed for electronic device at molecular scale [4] . With asymmetric structure, diblock oligomers are a natural choice for diode molecules [5] [6] [7] [8] .
Dipyrimidinyl-diphenyl (PMPH) diblock molecule is a recently synthesized molecular diode [8] . In the experiment, PMPH molecules were first co-assembled on the Au(111) substrate together with dodecane via thiol groups. Then the top end of PMPH molecules was connected to a suspended gold nanoparticle, also via thiol groups. By using different protect groups at the two ends, the direction of the PMPH diblock molecules on the surface can be precisely controlled. The current-voltage characteristics were measured via scanning tunneling spectroscopy (STS), and a rectification was observed. More interestingly, after protonation of the dipyrimidinyl moiety, a reversible change of the rectifying direction was observed.
Morales et al. [8] have suggested a simple model to rationalize the rectification inversion. They proposed that the intrinsic dipole moment of the diblock molecule induces a local vacuum level shift and makes the highest occupied molecular orbital (HOMO) closer to electrode Fermi energy. After the molecule is protonated, the positive charge centered on nitrogen reverses the direction of the dipole moment. Consequently, the lowest unoccupied molecular orbital (LUMO) becomes closer to the electrode Fermi energy. However, we note that the relative position of HOMO/LUMO is not directly related to the rectifying effect. An orbital approaching Fermi energy will typically give conductance enhancement, but the rectification is determined by the bias voltage response of the relevant orbitals [9] [10] [11] .
Nonequilibrium Green ' s function method (NEGF) and density functional theory (DFT) are widely used to study electron transport in molecular junctions [9] [10] [11] [12] [13] [14] . The effects of protonation and other electrochemical reactions on molecular conductance were studied previously [15, 16] . However, transport and rectification of the PMPH molecular junction have not been studied based on first principles, and the rectification direction inversion has not been explained.
In this paper, we report a comprehensive first principles study on transport of PMPH diblock molecules sandwiched between two gold surfaces by combining NEGF and DFT. Rectification is observed, but no rectifying direction inversion is found.
Computational methods
The electronic structures are described by DFT implemented in the SIESTA program [17] , which solves the Kohn-Sham equation with a numerical atomic basis set. The double-ζ with polarization (DZP) basis set is chosen for all atoms except Au, for which the single-ζ with polarization (SZP) bas set is used. Our test calculations indicate that using SZP basis set for Au does not affect the accuracy of our calculations. Core electrons are modeled with Troullier-Martins pseudopotentials [18] . Perdew-Zunger local density approximation (LDA) is adopted to describe the exchange-correlation potential [19] .
The electronic transport properties are calculated with the NEGF technique using the ATK package [13, 20] , which has been widely used in molecular electronics, showing successes for molecular rectification analysis [9] [10] [11] [12] [13] [14] 21, 22] . A molecular junction is divided into three regions, namely, left electrode, contact region, and right electrode. The contact region typically includes part of the physical electrodes where the screening effects take place, to ensure that the charge distribution in the left and right electrode regions corresponds to the bulk phase distribution. The semi-infinite electrodes are calculated separately to obtain the bulk self-energy. The stacking order of atomic layers in electrodes is chosen with inversion symmetry for left and right electrodes, and the electrostatic potential is calculated with the multigrid method. A (2×2) and (4×4) k-point grid on the x-y plane is used for self-consistent calculation and transmission coefficients evaluation, respectively.
Protonation effects on the transport properties

Geometrical model of molecular junctions
The molecular junction is modeled by sandwiching diblock oligomer molecules between two Au(111)-(3×3) surfaces with thiol anchoring groups. Before exploring the anchoring geometry effects in the next section, we limit ourselves to the standard hollow site connection first. Since the PMPH molecule is embedded in a dodecanethiol self-assembly monolayer (SAM) in experiment [8] , the lower pyrimidinyl ring should unlikely be protonated. We thus focus the protonation on one or two of the nitrogen atoms within the top pyrimidinyl ring. The resulting molecular junctions are named monoprotonated PMPH (MP-PMPH) and diprotonated PMPH (DP-PMPH), respectively. Test calculations for protonation on the lower pyrimidinyl ring are also performed, and similar transport features are obtained. Figure 1 shows the optimized geometry for the three 
